The therapeutic benefits of Cyclosporine A (CsA) are often limited by the chronic nephrotoxicity of its long-term use. Chronic nephrotoxicity is manifested by renal function impairment and progressive histopathological kidney lesions characterized by tubular vacuolization, tubular necrosis, interstitial fibrosis, and afferent arteriolopathy. This study tested the hypothesis that the concurrent administration of Mizoribine (MZR) may improve chronic CsA nephrotoxicity. Sprague-Dawley male rats were divided into the following four groups: group 1, control (n ϭ 6); group 2, treated with CsA alone (n ϭ 5); group 3, treated with CsA and MZR (n ϭ 4); and group 4, treated with MZR alone (n ϭ 6). The anti-inflammatory and antifibrotic effects of MZR were studied by evaluating the concentrations of the inflammatory mediator, osteopontin, renal function, and histopathology. The interstitial fibrosis was stained blue with Elastica-Massontrichrome and the sections were quantified. The CsA-treated rats showed decreased renal function and increased histologic parameters in comparison with the control rats and also showed significantly increased interstitial fibrosis area and macrophage in comparison with the control rats. The CsA ϩ MZR treatment significantly improved the interstitial fibrosis area and macrophage in comparison with the CsA-treated rats. On the basis of these findings, we suggest MZR effectively attenuates renal macrophage accumulation and the progression of interstitial fibrosis. (Pediatr Res 66: 524-527, 2009)
C yclosporine A (CsA), a cyclic peptide extracted from the fungus Tolypocladium inflatum, is an immunosuppressive agent, which was first introduced for the prevention of posttransplant rejection.
Since then, the application of CsA has been extended to the treatment of children with nephrotic syndrome. This has relieved children with steroid dependent and resistant nephrotic syndrome from steroid toxicity (1) . However, there is controversy concerning its long-term treatment because of the potential toxicity by chronic CsA nephropathy, which is characterized by tubular atrophy, interstitial fibrosis, and progressive renal impairment (2) . Chronic nephrotoxicity is manifested by tubular vacuolization, tubular necrosis, interstitial fibrosis, and afferent arteriolopathy. To date, its early diagnosis is made by the pathologic findings and no biochemical markers have been established.
On the other hand, Mizoribine (MZR) is a purine nucleotide analog isolated from Eupenicillium brefeldianum (3) , which has been used clinically as an immunosuppressant after renal transplantation for lupus nephritis and nephrotic syndrome. Recent studies have demonstrated that MZR suppresses the infiltration of macrophages, which play an important role in the development of interstitial fibrosis and ameliorate the interstitial fibrosis of obstructive nephropathy in rats (4, 5) . However, its effect has not yet been reported in the CsAtreated rat kidney.
Based on the above findings, MZR may prevent chronic CsA nephropathy. To verify this hypothesis, MZR was administered to CsA-treated rats. This study clearly demonstrated that MZR has synergistic effects on preventing inflammatory process in chronic CsA nephropathy.
agent for the evaluation of interstitial lesions and arteriolopathy. Arteriolopathy of afferent arterioles, especially in the vas afferent was characterized by the expansion of the cell cytoplasm of the terminal arteriolar smooth-muscle cells by eosinophilic, argentaffin material and quantitatively estimated by counting the percentage of arterioles with arteriolopathy per total number of arterioles available for examination with a 200ϫ objective, with a minimum of 100 arterioles per biopsy assessed. The interstitial fibrosis was stained blue with E-MT, and a color image analyzer quantified the percentage of injured areas (image J 1.38 for Windows by National Institutes of Health).
Immunohistochemistry of ED-1. The detection of infiltrating macrophages relied on immunohistochemistry as follows: the deparaffinized sections from tissues fixed with methanol-Carnoy's solution were stained by the streptavidin-biotin method using an ImmuMark universal immunostaining kit (ICN Immunobiologicals). The following MAb was used as the primary antibody: mouse anti-rat ED-1 (monocyte/macrophage marker, clone ED-1; Serotec). After treatment with 0.3% hydrogen peroxide to quench endogenous peroxidase and then with endogenous biotin-blocking agent (DAKO) for 20 min each, the sections were incubated with the primary antibody at room temperature for 60 min. The serum of the animals in which the primary antibody had been developed was used as a negative control. Next, biotinylated goat anti-mouse IgG was used as a secondary antibody for 20 min. The final incubation was carried out for 20 min with peroxidase-streptavidin conjugate, and positive reactions were visualized by a reaction with 3,3Ј-diaminobenzidine for 5 min. The sections were finally counterstained with 1% methyl green solution for 20 min. Macrophage infiltration was determined by the number of cells in the cortex that stained positively with the ED-1 antibody. Three randomly chosen nonoverlapping fields (0.29 mm 2 each) from the same section of the renal cortex from an individual rat were photographed and the number of cells that were reactive with ED-1 was calculated and averaged (cells/0.29 mm 2 ). Real-time PCR for osteopontin. Real-time quantitative RT-PCR was performed to determine the expression of osteopontin (OPN) in the renal cortex using the Taq Man system according to the manufacturer's protocols (Applied Biosystem). The Taq Man probes were a reporter labeled with fluorescent dye (FAM) on the 5Ј-end and nonfluorescent glyceraldehydes on the 3Ј-end. The expression level of the glyceraldehydes-3-phosphate dehydrogenase (GAPDH) gene was used as an endogeneous control. The amplification and detection of fluorescence was measured using the ABI 7500 system with the following PCR reaction profile: 1 cycle of 50°C for 2 min and 95°C for 10 min and 40 cycles of 95°C for 15 s and 60°C for 1 min.
Statistical analysis. The data are reported as the mean Ϯ SEM (SE). Comparisons between the groups were done by an ANOVA (Tukey's test and Bonferroni/Dunn test). A probability of 0.05 was considered to be statistically significant.
RESULTS
Changes in body weight and biochemical data. The body weight gain and values for blood creatinine, BUN, and CsA levels are summarized in Table 1 . At 8 wk, the mean body weight gain of the CsA-and CsA ϩ MZR-treated groups were significantly lower than that of the control (p Ͻ 0.01). CsA administration significantly increased the serum creatinine and BUN levels (p Ͻ 0.01). The 8-wk CsA treatment resulted in an increase in blood CsA concentration to a level of 5400 Ϯ 678 ng/mL, whereas MZR did not influence the level of CsA concentration (CsA ϩ MZR, 6200 Ϯ 400 ng/mL; p Ͼ 0.05).
Kidney morphology. The rats treated with CsA had characteristic morphologic findings that were usually evident at 8 wk and were similar to the chronic human CsA renal lesions (Fig. 1) . Focal interstitial fibrosis, tubular atrophy, and mononuclear inflammatory cell infiltration were observed. No tubular vacuolization was found in these specimens in the vas afferent. The histology in the CsA-treated rats showed a typical arteriolopathy. Smooth-muscle cells in the media of the vas afferents were replaced by a PASM positive, a PAS positive, and an orange-G positive material, resulting in a typical circumferential appearance of the lesion; the arteriolopathy was significantly higher in the CsA group than the control group (48. Fig. 2 ).
There Real-time PCR for OPN. RT-PCR analyses were used to assess the expression of OPN mRNA. In the CsA and CsA ϩ MZR groups, there were 6.86-fold and 5.61-fold increases in the OPN mRNA expression, respectively, (p Ͻ 0.01 and p Ͻ 0.05). In comparison with the control group (2.25-fold), there was no significant difference in the CsA ϩ MZR group in comparison with the CsA group (Fig. 6) .
DISCUSSION
This study demonstrated that MZR treatment significantly improved the histopathological severity of chronic renal damage induced by CsA. These findings suggest that MZR use can provide beneficial effect against chronic CsA nephrotoxicity. In our study, the CsA-treated animals gained less body weight and developed renal insufficiency in comparison with the control animals. This observation is consistent with previous publications under similar experimental conditions (6,7). In fact, there were three deaths (group 2, n ϭ 1; group 3, n ϭ 2) during the study period. Their data were excluded from the statistical analysis. At the stage of our pilot study, we needed the high dosage and long (8, 9) . The contribution of interstitial damage to CsA nephrotoxicity was further confirmed by the histopathological studies that showed an early loss of tubular segments, increased interstitial matrix deposition, and basement membrane thickening. It has been shown that more than 4 wk CsA administration yields these histopathological injuries, whereas CsA administration for shorter periods causes no tubular changes (8) . The lesions of chronic CsA nephropathy have been difficult to reproduce in animals. Therefore, the pathogenesis of this type of CsA renal injury has been difficult to study (9) . CsA nephrotoxicity has been developed using salt depletion stimulus to accelerate the longterm effects of CsA treatment (10) . This study used a model of CsA nephrotoxicity in salt depleted rats. CsA-treated rats showed the characteristic morphologic findings, which were reminiscent of human lesions. The exact mechanism underlying chronic CsA nephropathy is poorly understood. However, using an animal model, a complex network including the renin-angiotensin system (11), apoptotic cell death (2), cytokines, and chemoattractant molecules (12) has been shown to be involved. Of these, chemoattractants and the resultant inflammatory cell infiltration have been proposed to be important players, because interstitial inflammatory events precede the ongoing fibrosis in chronic CsA nephropathy (13) . OPN is a very sensitive indicator of interstitial inflammation, and TGF-beta expression is closely associated with interstitial fibrosis in chronic CsA nephropathy (2) .
MZR treatment decreases macrophage infiltration, OPN, and TGF-beta expression and this is associated with improved histopathology, in an animal model of unilateral ureteral obstruction (5) . Although, in our study, MZR treatment did not significantly suppress OPN mRNA expression in the rats receiving CsA, a tendency to decrease the OPN level seemed to be accepted. The precise mechanisms by which MZR prevented the progression of CsA nephropathy are not known. However, it could inhibit the up-regulation of chemokines such as OPN, as well as suppress the proliferation of macrophages and lymphocytes.
This finding suggests that MZR is effective in preventing the inflammatory process and interstitial fibrosis in chronic CsA nephropathy.
In summary, this study demonstrated that interstitial fibrosis, resulting from CsA nephropathy, is ameliorated by treatment with the immunosuppressant, MZR. In CsA-treated rats, fibrosis was markedly expanded. The concurrent administration of MZR significantly reduced the expansion of the renal fibrosis. These findings indicate that MZR has beneficial effects on several processes, which contribute to interstitial fibrogenesis, and suggest that MZR therefore has potential for therapeutic use in patients with CsA nephropathy.
